Recently, some of these isolates were shown to have the same genetic backgrounds as contemporary epidemic MRSA isolates, and Danish methicillin-susceptible S. aureus (MSSA) isolates from the 1960s with a PST antibiotype were proposed to have been the recipients of the mecA gene in those lineages. In this study, we investigated the genetic backgrounds of isolates from the 83A complex that were fully susceptible or resistant to penicillin only in order to try to trace the evolutionary trajectory of contemporary MRSA lineages. We also studied MSSA and MRSA isolates from other phage groups in order to investigate if they had the potential to develop into contemporary MRSA clones. Most susceptible or penicillin-resistant isolates from phage group III or the 83A complex belonged to sequence type 8 (ST8) or ST5, while four isolates were ST254. STs 30, 45 and 25 were represented by MSSA isolates from other phage groups, which also included several singletons. Representatives of most of the current major epidemic MRSA lineages were identified among fully susceptible isolates collected in the 1960s, suggesting that these were MSSA lineages which carried genetic traits important for superior epidemicity before the acquisition of methicillin resistance.
Methicillin-resistant Staphylococcus aureus (MRSA) represents a major challenge to hospitals in all countries due to the emergence and spread of isolates with decreased susceptibilities to several antibiotic classes, in addition to methicillin and the other members of the ␤-lactam family. Molecular typing techniques applied to international collections of MRSA isolates have contributed to the understanding of the epidemiology and evolution of this infectious agent. In particular, data from multilocus sequence typing (MLST) in combination with staphylococcal chromosomal cassette mec (SCCmec) typing have indicated that methicillin resistance has emerged in the hospital setting as five main distinct genetic lineages and that most contemporary cases of MRSA disease are caused by a relatively small number of epidemic clones (15, 37) .
A surveillance program operated by the Statens Serum Institut (Copenhagen, Denmark) produced a valuable collection of S. aureus isolates, which includes every strain recovered from patients with invasive disease in Denmark since 1957 to the present. The 5, 304 isolates recovered between 1957 and 1973 are of particular interest because this period encompasses the years when resistance to the first antimicrobial agents emerged and spread among S. aureus isolates. Among these are the first MRSA isolates identified in Denmark in 1964, which followed closely the first British isolates collected in 1961. Analysis of these early MRSA isolates from the Danish collection by molecular typing techniques allowed us to identify the genetic backgrounds and the associated SCCmec types of these strains as representatives of what has become known as the archaic clone of MRSA, which was virtually identical to the very first isolates from the United Kingdom (11) . Phage typing data and antibiotic susceptibility profiles indicated that most MRSA isolates collected between 1957 and 1970 belonged to either phage group III or the closely related 83A complex and, in addition to their resistance to methicillin (M), these isolates were also resistant to penicillin (P), streptomycin (S), and tetracycline (T) (PSTM antibiotype) (12) . Recently, some of these isolates were shown to belong to the same genetic backgrounds as contemporary epidemic MRSA isolates by MLST and spa typing, and Danish methicillin-susceptible S. aureus (MSSA) isolates from the 1960s with a PST antibiotype were proposed to have been the recipients of the mecA gene in those lineages (11) . Among the group III and 83A complex isolates, there were isolates that belonged to sequence type 250 (ST250), ST5, and ST30 (11) .
The purpose of this study was to provide a more detailed portrait of the population structure of S. aureus before, during, and after the appearance of the first MRSA isolates in Denmark, on the basis of the characterization of additional strains from the collection of more than 5,000 isolates recovered during the 16-year period between 1957 and 1973. We characterized the genetic backgrounds of isolates from the 83A complex that were either fully susceptible or resistant to penicillin only in order to try to trace the evolutionary trajectory of the first MRSA lineages. The introduction of mecA into MSSA in the 1960s has been described within only one clonal complex (CC), namely, CC8, which led us to examine MRSA isolates from all other phage groups. Little is known about the prevalence of other CCs in MSSA at that time. MSSA isolates from other phage groups were studied in order to investigate whether these MSSA genetic backgrounds could be associated with the current MRSA epidemic clones.
MATERIALS AND METHODS
Bacterial isolates. All S. aureus isolates in this study were clinical isolates from positive blood cultures collected in Denmark between 1957 and 1973 and preserved at the Statens Serum Institut. Ninety-four isolates were characterized by antimicrobial susceptibility testing, phage typing, and spa typing. Eighty-three isolates were selected for full characterization by MLST and SCCmec typing and for the presence of the Panton-Valentine leukocidin (PVL) genes.
Rationale for selection of bacterial isolates. The majority of MRSA isolates identified among a total of 5,304 isolates collected in Denmark between 1957 and 1973 belonged to the 83A complex (95%), while most MSSA isolates, which were fully susceptible or resistant to penicillin only (94%), belonged to phage groups other than the 83A complex, including isolates which were nontypeable by phage typing (Fig. 1) . Twenty-two MSSA isolates from the 83A complex and 16 MSSA isolates from the related phage group III were characterized by MLST and spa typing in order to assess whether the genetic backgrounds of these isolates were similar to those of MRSA isolates from the same phage groups which have been proposed to be the ancestors of contemporary epidemic MRSA clones. Since most MRSA isolates isolated from 1957 to 1973 belonged to the 83A complex, we also characterized 12 MRSA and 44 MSSA isolates from phage groups other than the 83A complex and group III that might correspond to contemporary successful clones. Among the 82 MSSA isolates studied, 56% caused hospitalacquired (HA) infections and 38% caused community-onset infections (the mode of acquisition was unknown for 6% of the isolates). Among the 12 MRSA isolates, 11 caused HA infections.
Testing for susceptibility to penicillin, methicillin, streptomycin, erythromycin (E), and tetracycline was performed with Neosensitabs (Rosco, Taastrup, Denmark) on Danish blood agar (Statens Serum Institut) with a semiconfluent inoculum and overnight incubation at 35 to 36°C, according to the manufacturer's instructions and with the manufacturer's breakpoints (7, 43) . Methicillin resistance was confirmed by mecA PCR.
Phage typing. All study isolates were phage typed by the method of Blair and Williams (4) with the contemporary international set of typing phages and two Danish experimental phages (6, 26) , which have been used since 1969 to differentiate among isolates of group III and the 83A complex.
MLST and spa typing. MLST was performed as described previously (14) , with the exception that primer arcCF2 (5Ј-CCT TTA TTT GAT TCA CCA GCG-3Ј) was used (11) . MLST alleles and STs were identified by using the MLST database, available at http://www.mlst.net/. Analysis of the MLST STs was performed with eBURST, the enhanced version of the BURST (based upon related sequence types) algorithm, available at http://eburst.mlst.net/ (17). Molecular typing based on the sequence of the polymorphic region of protein A (spa typing) was performed as described previously (22, 45) .
Detection of PVL genes. Detection of PVL genes was performed by PCR, as described previously (29) .
SCCmec typing. SCCmec types were determined by a multiplex PCR strategy that derives a specific amplification pattern for each structural type, as described previously (35) .
RESULTS
MSSA isolates from the 83A complex and phage group III. ST8 was the predominant MLST profile among the MSSA isolates belonging to group III and the related 83A complex. It was present in four susceptible isolates and five penicillinresistant isolates from the 83A complex (Table 1 ) and in seven mostly penicillin-resistant isolates from group III ( Table 2) . Eight isolates from these phage groups belonged to ST5, which was the second most represented genotype; six isolates belonged to ST1; three isolates belonged to ST250; and two isolates were ST50 (Tables 1 and 2 ). Interestingly, four isolates from group III had ST254 and are the first MSSA isolates with this genetic background identified ( Table 2) . Four new MLST profiles were identified among this set of isolates: ST569, which is a single-locus variant (SLV) of ST8 (Table 1) ; ST570, which is an SLV of ST5 (Table 2) ; ST568, which is an SLV of ST154 (Table 2) ; and ST138, which is an SLV of ST49 (Table 1) .
MSSA isolates from phage groups other than the 83A complex and phage group III. The genetic backgrounds of MSSA isolates from phage groups other than the 83A complex and group III included ST30 (the most represented genotype present in 8 isolates from the 80 complex, 3 isolates from group I, and 3 nontypeable isolates), followed by ST25 (12 isolates from the 94,96 complex), ST45 (4 isolates from phage type 95), and ST121 (2 isolates from group II). STs 1, 8, 50, and 254, which were widely represented among MSSA isolates from group III and the 83A complex, were also present in a few isolates which were nontypeable or which had mixed phage types. Four new singletons, which were unique genotypes that cannot be identified with any clonal group in the MLST database, were identified in three susceptible or penicillin-resistant nontypeable isolates (STs 445 [n ϭ 2] and 447) and in one susceptible isolate from group I (ST446) ( Table 3) .
MRSA isolates from phage groups other than the 83A complex and phage group III and nontypeable MRSA. All isolates belonged to CC8. ST250 was the most common genotype among the nontypeable MRSA isolates. It was present in six of Table 4) . Presence of PVL locus. The presence of the PVL locus, a common virulence marker of community-acquired MRSA isolates, which included some of the genotypes observed in this study, was determined. The PVL genes were present in most isolates of ST30 (Table 3 ) and also in isolates belonging to STs 1 (Tables 1 and 3) , 121 (Table 3) , 446 (Table 3) , and 568 (Table 2) .
DISCUSSION
The emergence of pandemic clonal lineages of MRSA raised the question of whether these lineages possess features which are superior in terms of epidemicity to other genetic backgrounds. It has been suggested that the most widespread clones have been selected because they are good colonizers, in addition to being highly transmissible and highly virulent (30, 31) . If this is the case, then, the MSSA ancestors of today's pandemic MRSA clones would already have been at an advantage in the pre-MRSA era and, therefore, would have been represented by isolates collected as far back in time as possible. In the absence of representative collections of pre-antibiotic-era S. aureus isolates, we studied the oldest isolates that have been collected and stored in Denmark by the Statens Serum Institut in order to try to identify the progenitors of today's pandemic clones. Phage typing of the isolates, one of the few typing methods available in the 1960s, constituted the basis for the selection of the isolates together with the antimicrobial susceptibility patterns. As can be seen in the Results section, phage typing did not always group isolates in the same manner as more recent (Fig. 2) . Sixty-five of the 94 isolates characterized in this work (69%) belonged to these genotypes. ST22 (the British epidemic MRSA type 15 clone) is the only major contemporary epidemic clone not present in this collection. This may be due to a limitation imposed by the restricted geographic area of the sample or the early time period of our isolates rather than to the potential of this clone's genotype for geographical spread, which has been well documented (34, (37) (38) (39) . We identified a new SLV of ST5, ST570, that differs from the ST5 profile in the arcC allele. ST5 is an old and globally spread lineage which is the predicted founder of CC5 (3, 8, 15, 18, 28, 40, 44, 48) and is the genetic background of most MRSA isolates with reduced susceptibility FIG. 2 . Diagram of clonal groups defined for MSSA isolates with the eBURST algorithm. Clonal groups were defined by the less stringent approach: five or more shared alleles of the seven MLST loci. Single genotypes that do not correspond to any clonal group were identified as singletons. Each number represents an MLST ST. Blue numbers represent STs found in the present study, while black or white numbers represent STs which were already present in the database. The ST of the predicted ancestral genotype (predicted founder) is associated with a blue circle whose area indicates the prevalence of the ST in the entire MLST database. In parentheses, the number of isolates with a particular ST deposited in the database is followed by the number of isolates with that ST found in our study. Although STs 36 (EMRSA-16), 247 (Iberian clone), and 239 (Brazilian clone) have not been found among MSSA isolates in the present study, their numbers have been included in the diagram because of their epidemiological importance and relationship to STs in this work. (23, 25, 32) . The ST8 genetic background was proposed to represent the ancestor of the very first MRSA isolates and is the predicted founder of CC8 (15), which includes the Iberian clone, ST247 (11, 13) , and the Brazilian clone, ST239 (36, 46) , two of the most successful pandemic clones of MRSA. In this study, we identified a new genotype, ST569, which is another SLV of ST8, and the first MSSA isolates of the ST254 genetic background, which includes the epidemic strains ST254-MRSA-I and ST254-MRSA-IV (also known as the Hannover MRSA clone), identified in the United Kingdom and Germany (15), respectively. Only ST254 MRSA isolates have been characterized previously (41); and the identification of MSSA ST254 isolates provides an additional link in the evolution of CC8, which has been predicted to have existed in the evolution model of MRSA proposed by Robinson and Enright (41) . ST45 MRSA, also known as the Berlin epidemic MRSA clone, was first observed in Germany in 1993 and was later found in several other European countries (49, 51) . It has been shown that ST45 is a frequent genotype among contemporary MSSA isolates (50) . The three fully susceptible ST45 isolates characterized in this study provide evidence that this genetic background was already represented among MSSA isolates collected in the 1960s. PVL-positive MSSA isolates from the 1960s belong to major community-acquired genotypes. ST30 is the predicted ancestral genotype of CC30, whose most ubiquitous SLV is ST36, which corresponds to the British EMRSA-16 epidemic clone, which is another major contemporary genetic background (10, 15) . Unlike ST36, ST30 MRSA has rarely been found among nosocomial isolates in Europe (1, 15, 35) but is very common in community isolates from Australia (9) . Together with ST1, ST30 is among the six PVL-positive MRSA isolates which have been acquired in the community worldwide (47) . Recently, it has been proposed that a PVL-positive branch of ST30 MSSA from the phage 80 complex has evolved into the communityacquired Southwest Pacific MRSA clone, while the hospitalacquired EMRSA-16 clone evolved from a PVL-negative ST30 lineage (42) . In this study, we observed that both PVL-positive and PVL-negative MSSA ST30 isolates not only from the 80 complex but also from the related group I and from nontypeable isolates were present in the hospital setting in Denmark as early as the 1950s. Interestingly, 11 of 14 ST30 isolates were from HA infections. Moreover, the PVL genes, whose mobility is facilitated by carriage on bacteriophages, were also present in MSSA isolates from the ST 1, 121, and 568 genetic backgrounds and in the singleton ST446. This observation and the more recent identification of PVL-positive contemporary isolates also in diverse genetic backgrounds (24) support the notion that although the PVL toxin is widely present in MRSA isolates from the community, the PVL toxin is only one of a combination of genetic traits which confer a selective advantage to clones of S. aureus. ST121 is one of the genetic backgrounds displaying PVL-positive isolates both in the 1950s (this study) and today (24) . Furthermore, only MSSA ST121 isolates have been identified so far (15, 24) . It is possible that ST121 is one of the staphylococcal genetic backgrounds which has been designated nonpermissive of the mecA gene and its product (27) and, therefore, has never acquired and/or sustained the selective advantage of methicillin resistance, even though it possesses other genetic traits which have contributed to its persistence both in the hospital and in the community since the late 1950s. There may be a similar situation for ST25. ST25 MSSA has been present for over three decades in the hospital and in the community (although it is PVL negative) (15, 16 ; this study). ST25 is not a favorable genetic background for the constitutive expression of a plasmid-introduced mecA (27) but has recently been reported to be a highly transmissible clone associated with colonization and infection in the niche of AIDS patients with a history of drug use (20) .
New genotypes observed among MSSA isolates from the 1960s. While major contemporary MRSA lineages are represented among MSSA isolates from both phage group III and the 83A complex and phage groups other than group III and the 83A complex, two of the three singleton genotypes identified in this study (ST445 and ST447) were nontypeable by phage typing. These genotypes may be less fit than known lineages as well, since they have not been identified at all again since the time that these isolates were collected. It would be interesting to know in what way ST445, ST446, and ST447 differ from the five major genetic lineages of contemporary MRSA. The singleton MLST genotype in each of these isolates was associated with a new spa type (types 459, 430, and 414, respectively; Table 3 ). These new spa types only vaguely resemble more widespread types (http://spaserver.ridom.de). The other new spa types identified in this study appear to have originated by duplication and/or deletion of some repeats in more common types (e.g., spa types 621 to 658; Table 1 ). Another new MLST genotype identified among fully susceptible isolates from the 83A complex in this collection corresponds to ST138, an SLV of ST49. ST49 and ST50, also identified in this work, are the MLST profiles of only three other isolates in the MLST database (http://www.mlst.net). These isolates were collected in 1997 and 1998 in the United Kingdom, they were MSSA, and they were isolated from blood. Therefore, ST138, ST49, and ST50 are genotypes associated with susceptible isolates that were first identified in 1959 and that have still been isolated from blood in the recent past but have not spread globally.
MRSA clones in the 1960s and today. Although the MSSA progeny of four of the five major contemporary MRSA clones were identified among isolates collected in the 1960s, only MRSA isolates belonging to the CC8 genetic background were present at that time. Therefore, it seems clear that the introduction of mecA into CC8 preceded the acquisition of methicillin resistance in the CC5, CC30, and CC45 backgrounds. Within CC8, only ST247 and ST250 had previously been identified among early MRSA isolates from phage group III and the 83A complex (11) . Now, we report the presence of ST8 and ST254 isolates, besides ST247 and ST250 isolates, in mixedphage-type and nontypeable isolates. We propose that these mixed-phage-type and nontypeable isolates have evolved out of group III and the 83A complex, in which most ST247 and ST250 isolates have been identified, and that ST8 and ST254 are variants of the CC8 background which appeared later in the MRSA epidemic. The early timing for the appearance of ST247 is corroborated by the identification of ST247 isolates with SCCmec type I. One such isolate is likely to be ancestral to contemporary ST247, which possess a cassette of type IA (not found anywhere else) that differs from cassette I by having pUB110 present and the hypervariable region deleted (36) . Both ST247-SCCmec type I (19, 35) and ST8-SCCmec type I, identified for the first time in this study, may have evolved out of ST250 after its acquisition of methicillin resistance on the basis of the numbers of isolates with these backgrounds identified in the period from 1957 to 1973. This hypothesis contemplates only one exogenous acquisition of SCCmec type I in CC8 during this period. We propose a variation of the model originally proposed by Robinson and Enright (41) for the early evolution of MRSA within CC8 on the basis of the findings (STs and associated SCCmec types) for the earliest isolates identified and not on the basis of the prevalence of contemporary isolates with this genetic background (Fig. 3) .
Evidence of the existence of more fit lineages of S. aureus. Why are some isolates occasionally recovered from patients with invasive disease but not widespread as major MRSA clones? Several studies have shown that the genetic backgrounds of S. aureus isolates carried by healthy donors corresponded to the predominant CCs recovered from patients with invasive disease, the five major lineages of nosocomial MRSA: CC5, CC8, CC22, CC30, and CC45 (2, 16, 33) . ST121 was among the STs recovered from the community in a Dutch study from 1997 to 2002 and was mostly associated with MSSA isolates causing nonbullous impetigo (33) . Susceptible and penicillin-resistant isolates from ST121 in this study had also been recovered from blood in Denmark in 1957. Yet, ST121 is not dominant among the nasal carriage genotypes, contrary to the most successful clones, which appear to be apt both at causing disease and at colonizing the human host. Interaction of a pathogen with a host is a complex process, which may include searching for an entry site, targeting a place for multiplication in the host, and becoming persistent in the host or managing to reach the next host (5) . Maintenance of an S. aureus clone in the original host and transmission to the next host are affected by a number of fitness factors which are broader in their scope than virulence factors and which include functions related to metabolic processes and other mechanisms affecting multiplication and survival. It is possible that STs 121, 25, 138, 49, and 50, in addition to corresponding to genotypes less favorable to the stable acquisition of the mecA gene, also possess characteristics which are less suitable to the persistence in the host and transfer between hosts.
In conclusion, MSSA representatives of most of the current major epidemic MRSA lineages (ST5, ST8, ST30, and ST45) were identified in the 1960s, suggesting that these were widespread lineages which carried genetic traits important for superior epidemicity, through their capacity to cause invasive disease and colonizing the host, well before the acquisition of antibiotic resistance.
